sociated with higher fusion rates following repair of an anterior pseudarthrosis (quality of evidence, Class III; strength of recommendation, D).
Rationale
Spinal surgeons have commonly used the anterior cervical approach to treat a wide variety of pathological processes. Management strategies for pseudarthrosis are therefore necessary for effective treatment in these patients. Fusion and stabilization are often coupled in the anterior approach to preserve or enhance spinal alignment. 1 The incidence of pseudarthrosis after an anterior cervical approach is used is dependent on the number of levels involved and ranges from 0 to 50%. 2, 6, 13, 15, 17, 18, 20 Despite the widespread application of anterior plates, clinicians have not been able to eliminate the development of pseudarthrosis. 11, 24, 25 Complaints associated with a cervical nonunion include persistent or recurrent axial neck pain, radiculopathy, and myelopathy. Development of a pseudarthrosis has also been associated with kyphotic deformity, potentially leading to pain and neurological deficits.
Search Criteria
We completed a computerized search of the database of the National Library of Medicine and the Cochrane database between 1966 and 2007 using the MeSH search terms "cervical pseudo-arthrosis," "cervical spine AND fusion failure," and "cervical spine AND revision surgery." We limited the search to the English language and human subjects. A total of 362 citations were retrieved, and we reviewed the titles and abstracts from each of these references. We selected studies that investigated the clinical significance and treatment of cervical pseudarthrosis, and obtained additional articles from the bibliographies of the selected manuscripts. We selected 18 manuscripts that described the presentation and treatment of patients with a cervical nonunion. These are listed in an evidentiary summary and evaluation in Table 1 . An expanded list of the manuscripts evaluated from the search is contained in the references section.
Scientific Foundation

Clinical Presentation of Anterior Cervical Pseudarthrosis
There is debate regarding the clinical impact of a pseudarthrosis after attempted cervical fusion. Several studies have indicated a poor correlation between clinical and radiographic outcome.
De Palma and Cooke 8 reviewed the results in 146 patients who underwent anterior cervical interbody fusion with at least 12 months of follow-up. Clinical assessment was based on a 4-tiered qualitative scale, based on complaints referable to the cervical spine and their impact on daily activities, and rated as excellent, good, fair, or poor. The authors documented nonunion based on the motion between the involved spinous processes observed on flexion-extension radiographs. Sixteen patients (10.9%) received a diagnosis of nonunion. Satisfactory results (including all patients with excellent, good, or fair outcomes) occurred in 93.5% of patients with nonunion and in 89.6% of the entire cohort. The authors concluded that a solid arthrodesis is not necessary for clinical success. When the data were carefully reviewed, however, the percent of patients observed to have an excellent or good outcome was 60.5% for the entire cohort and only 37.4% for patients in whom a nonunion developed. Including patients with a fair outcome in the category of clinical success dramatically affected this observation and was of questionable validity-particularly since the observations were based on a nonvalidated outcomes instrument without objective data.
White et al. 26 reviewed their series of 65 patients who underwent anterior cervical fusion for cervical spondylosis. Utilizing a qualitative, subjective categorical assessment, the authors reported an overall success rate of 90%. When stratifying patients based on the development of a pseudarthrosis, the success rate for nonunion was 53%, and with successful fusion was 75%. This difference was not statistically significant, however. Therefore, the authors concluded that, although desirable, successful arthrodesis was not necessary for clinical success. Despite the lack of statistical significance, the data suggested a potential relationship between poor outcome and nonunion. One possible explanation for the lack of significance could have been the small number of included patients. As with the Depalma and Cooke 8 study, there were significant limitations to this study, including the authors' subjective definition of clinical success and lack of an objective, validated outcomes assessment. These 2 studies have been quoted as providing evidence against an association between nonunion and adverse outcome. Other reports have presented data supporting an association between fusion and improved outcomes. Brunton et al. 4 reviewed their series of 75 patients who underwent anterior cervical decompression and fusion for spondylotic disease and trauma, and reported a clinical success rate of 76% in patients with solid union, and only 5% in those with a documented pseudarthrosis. Bohlman and colleagues 2 reviewed 122 patients who underwent ACDF and observed a pseudarthrosis rate of 20%. The authors reported a good or excellent outcome in 93% of patients in whom a solid arthrodesis was achieved. Based on their reported data, it was impossible to determine the percent of patients in whom a similar outcome was achieved after a pseudarthrosis developed; however, only 33% were pain free, and the authors reported a statistically significant association between the presence of a pseudarthrosis and continued arm and neck pain (p < 0.01). Newman 17 reviewed the case histories of 23 patients with documented pseudarthrosis. Seventy percent of the patients required further intervention due to persistent symptoms. Phillips et al. 18 reported that 67% of patients with a documented pseudarthrosis were symptomatic and 82% required further intervention. These authors reported clinical success in 100% of patients in whom solid fusion developed after the second operation. More recently, Carreon et al. 5 reported their results in 120 patients with symptomatic nonunion after ACDF. Four-teen patients (12%) reported continued complaints related to persistent nonunion after the revision surgery.
These retrospective reviews appear to demonstrate an association between a poor clinical outcome and the development of a cervical nonunion. Unfortunately, studies that have attempted to describe the clinical presentation of a pseudarthrosis all suffer from similar limitations, most notably the lack of objective outcomes assessment.
In no study was an adequate analysis of confounding factors performed to predict factors that correlate with poor outcome.
Surgical Intervention
The presence of a cervical nonunion is not an absolute indication for operative intervention. Longitudinal studies documenting the natural history of pseudarthro- The authors conclude that in the absence of myelopathy, the posterior approach is the preferred Tx for an anterior cervical pseudarthrosis.
T his retrospective case series of a limited number of patients was evaluated w/ nonvalidated clinical outcomes instruments & incompletely defined radiological criteria. The method of data acquisition was not described. There was no control group, & no statistical analysis was performed.
(continued)
sis do not exist. Asymptomatic patients may not require any intervention, and nonoperative management may be adequate in patients with mild symptoms. Nonoperative management, however, becomes more challenging when symptoms attributed to a pseudarthrosis significantly affect the patient's quality of life. No study has been performed to determine the efficacy of conservative management in this patient population. The presence of a nonunion was highly correlated to multilevel procedure; (p < 0.01) however, correlation to tobacco use, although suggested, was not shown to be significant (p = 0.08). Neither the approach nor the results of the revision procedures was discussed.
T his retrospective review provided data regarding the incidence & presentation of cervical nonunions. The study benefited from a large patient cohort, extended FU period, & a negligible dropout rate. Fusion assessment was based on objective measures; however, nonvalidated outcomes instruments were used to assess clinical results. The operating surgeons were involved w/ the data collection introducing the possibility of reporting bias. No data regarding the outcome of pseudarthrosis Tx was provided.
(continued) 
Once the decision has been made to operate, the clinician and patient have the choice of either an anterior or posterior approach. If an anterior approach was previously attempted, avoidance of scar tissue compromising the natural tissue planes is a potential advantage to the posterior approach. The posterior approach essentially eliminates the risk of soft-tissue injury, leading to swallowing dysfunction and recurrent laryngeal nerve injury.
The posterior approach also provides a fresh surface for fusion formation and internal fixation; however, it may be less effective in the presence of a kyphosis, anterior graft migration, or worsening neurological function due to a prominent ventral pathological entity. An anterior approach avoids the dissection of the posterior cervical musculature, leading to decreased postoperative discomfort. Our review of the literature yielded anecdotal evidence T his was a retrospective chart review. Patients were not randomized between surgical approaches, and anterior revision was reserved for cases involving a neurological deficit or kyphosis; therefore, significant selection bias exists. There were insufficient data to determine radiographic outcome & no data regarding clinical outcome were provided. There was no control group & no statistical analysis was performed. It is impossible to construct a valid comparison between surgical alternatives.
N eo et al., 2006
III T his study described the radiographic outcome in 6 patients treated w/ a spinous process fixation plate for anterior cervical fusion failure, including graft dislodgement & plate migration. Patients were followed up for ≥18 mos. In addition to the spinous process fixation plate, a variety of anterior revision procedures were performed, either removal or replacement of anterior plate & interbody graft. Consolidation of the anterior graft was observed in all cases. The authors concluded that the spinous process fixation plate is safe & a viable alternative for salvage operations for anterior cervical nonunions.
T his was a retrospective case series involving a very small patient population, subjective criteria for radiographic fusion assessment, & numerous operative approaches. No clinical data were provided, & there was no control group. At best, this study demonstrated the feasibility of this construct; however, valid conclusions regarding the efficacy cannot be formulated. ). The independent review reduces the potential of reporting bias, but it is not clear whether the assessment was made in a blinded fashion. This study is classified as Class III medical evidence.
Zdeblick et al. 27 reported the results in 35 patients who underwent repeated anterior fusion with either iliac crest autograft or allograft fibular strut placement for nonunion of discectomy or corpectomy, without plate stabilization. The authors report a 97% fusion rate with 86% achieving an excellent or good outcome based on modified Odom's criteria. Tribus et al. 23 investigated the outcome of anterior cervical revision in 19 patients and reported an overall success rate of 69%. A 5-point grading system, based on subjective assessment of graft incorporation and motion, was used to evaluate fusion. The authors considered all patients to be stable; however, it was difficult to determine the fusion rate since the authors failed to define a solid arthrodesis. The validity of the conclusions was questionable because of the study's retrospective design, heterogeneous patient population, surgical technique, use of subjective clinical and radiographic outcomes measures, potentially biased method of data collection, and insufficient analysis of confounding factors.
Evidence Supporting the Posterior Approach
As stated previously, treating an anterior cervical nonunion through a de novo posterior approach has theoretical and practical advantages and may have contributed to the greater volume of published case series. In many respects, however, these reports suffer from the same limitations as those describing anterior revision, including retrospective study design, lack of appropriate controls, limited patient populations, subjective clinical and fusion assessment, selection and reporting bias, and inadequate evaluation of confounding factors.
Farey et al. 9 described the outcome in 19 patients treated for symptomatic anterior nonunion with posterior decompression, wire stabilization, and fusion. The authors reported circumferential fusion in 100%, with 95% demonstrating clinical improvement. Complications were limited to the iliac crest harvest site. In 1998, Siambanes and Miz 22 published their results in their series of 14 patients who underwent posterior wiring and fusion for failed anterior fusions. Radiographic follow-up was available in all patients; however, only 9 patients completed the clinical evaluation at an average follow-up interval of 3.6 years. Radiographic fusion was achieved in all patients, but a poor outcome was reported in 78%. The authors speculated that the poor outcome was related to socioeconomic factors, without providing any evidence to support this claim.
Kuhns and associates 12 published a retrospective review describing the outcome in 33 patients in whom a posterior approach was used. In contrast to many of the previous reports, this study used validated clinical outcomes measures and objective radiographic criteria to assess fusion. Radiographs were independently reviewed; however, the authors did not describe the method of clinical data collection. Unfortunately, only 76% of patients completed the clinical assessment. All patients achieved a solid arthrodesis. Based on the CSOQ, pain was absent or mild in 52%, "discomforting" in 20%, and severe in 28% of patients. The results of the SF-36 and Arthritis Impact Measurement Scales-2 correlated with the CSOQ results. Seventy-two percent of patients were satisfied with the surgical results. Unfortunately, no preoperative assessment was performed, and it is therefore impossible to determine the treatment effect of surgery.
Comparison of Anterior and Posterior Approaches
A limited number of studies have compared the radiographic and clinical outcome between an anterior and posterior approach. No well-designed trial has been performed; therefore, determining the superiority of one technique is difficult, if not impossible. These retrospective series are limited by selection and reporting bias, utilization of nonvalidated outcomes measures, subjective radiographic assessment, and a lack of appropriate statistical evaluation.
In 1992, Brodsky et al. 3 compared the outcome in 34 patients who underwent either a reoperative anterior discectomy with iliac crest autograft, or a posterior wiring and onlay autologous iliac crest. Although the authors randomized patient group assignments, they did not detail the method for randomization. The authors reported a 94% fusion rate with the posterior approach compared to 76% after an anterior revision. The authors reported an excellent or good outcome in 88% of patients who underwent a posterior revision and only in 59% after anterior revision. Clinical assessment was based on nonvalidated outcomes measures and the rate of fusion was based on subjective criteria; no statistical analysis was reported. Despite these limitations, the authors concluded that the posterior approach was more effective.
Lowery et al. 14 reported on the outcome in 37 patients after 44 revision procedures with either an anterior, posterior, or circumferential approach. In the anterior group, axial and appendicular pain decreased by 43 and 56%, respectively. Reported overall improvement was 40%. The authors reported solid fusion in 45% of patients. Patients in whom solid union was not obtained ultimately required further revision surgery. A solid arthrodesis was achieved in 94% of patients in the posterior group, with improved axial pain in 77%, improved appendicular pain in 83%, and overall improvement in 82%. In the circumferential group, the authors reported successful fusion in 100% of patients with a decrease in axial and appendicular pain observed in 68 and 65%, respectively. The overall improvement rate for the circumferential group was 71%. The authors reported a 45% rate of hardware failure for the anterior group, 28% for the circumferential group, and 12% for the posterior group. Complications included 1 CSF leak in the anterior and circumferential group each. There were 2 C-5 nerve root palsies in the posterior group, 1 of which was permanent. Although objective radiographic criteria were used for fusion assessment, clinical outcome was based on nonvalidated measures. The authors did not account for possible confounders and no statistical analysis was performed. The authors concluded that the posterior approach was the treatment of choice.
Phillips et al. 18 performed a retrospective review in 48 patients with documented pseudarthrosis following ACDF. Thirty-two patients (67%) were symptomatic and 26 underwent a revision procedure. Only 22 patients completed the minimal follow-up period of 12 months. Sixteen patients underwent an anterior revision with 88% achieving a successful fusion. Posterior revision surgery was performed in 6 patients, and solid arthrodesis was achieved in 100%. The authors did not compare clinical results between treatments; however, the 2 patients with nonunion in the anterior group remained symptomatic. All patients in whom solid fusion was achieved reported an excellent or good outcome based on Odom's criteria. Surgeon preference dictated treatment allocation, which introduced selection bias, and there was no reported statistical analysis. The authors did not comment on the superiority of 1 approach over the other but concluded that operative intervention for symptomatic nonunion leads to acceptable results.
Finally, Carreon and colleagues 5 compared the results in 27 patients who underwent anterior revision surgery to those in 93 patients who underwent a posterior approach for an anterior nonunion. Anterior revision included anterior plate stabilization and harvesting of iliac crest autograft, while the posterior approach involved posterior wiring, lateral mass fixation, or a combination of techniques. Nonunion necessitating another operation after the revision procedure occurred in 44% of patients in the anterior group and only 2% of those in the posterior group. The complication rates were 4 and 8% in the anterior and posterior groups, respectively. Data regarding clinical outcome were not reported. The authors concluded that the posterior approach was more effective for treating an anterior nonunion. The validity of this conclusion was questionable, however, given the lack of clinical data and patient randomization between treatment groups. The surgeon selected the anterior approach for cases involving a neurological deficit or kyphotic deformity, introducing significant selection bias. There was no statistical analysis.
Summary
Retrospective case series that are limited due to selection bias, use of nonvalidated clinical measures, subjective radiographic evaluations, reporting bias, and insufficient statistical analysis appear to form the basis of the current opinion regarding the presentation and treatment of anterior cervical pseudarthrosis. The authors of these studies suggest an association between poor clinical outcome and the presence of a pseudarthrosis. Many patients who have undergone operative intervention for pseudarthrosis and ultimately obtained a solid arthrodesis have demonstrated clinical improvement. However, current studies have not been able to determine the prognostic factors that would indicate a favorable outcome. Reoperative anterior and posterior approaches appear to be viable surgical alternatives. Valid conclusions regarding the superiority of one approach over another are debatable; however, the limited data suggests that the posterior approach may have a greater potential for solid arthrodesis and clinical improvement.
